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(57) Abstract: A method of steering a fluid drilling head in an undeiground borehole drilling situation is provided by rotating the 
flexible hose through which high pressure is provided to the drilling head and providing a biasing force on the drilling head. The hose 
can be rotated from a remote surface mounted situation by rotating the entire surface rig (13) in a horizontal plane about a turntable 
(24) causing the vertically orientated portion of the hose (1 1 ) to rotate about its longitudinal axis. The biasing force can be provided 
in a number of diffiBrent ways but typically results from the use of an asymmetrical gauging ring on the fluid drilling head. 
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DRILL HEAD STEERING 

Field of the Invention 

This invention relates to drill head steering and has been devised particularly 
though not solely for the direction control of a fluid drilling head used in borehole 
5 drilling, in mining or similar in-ground applications. 
Background of the Invention 

Fluid drilling heads are utilised in a number of different borehole drilling 
apphcations and typically use a rotating head with a number of nozzles ifrom which issue 
high pressure jets directed to break and erode the rock face in advance of the drill head. 
10 Fluid drilling heads of this type are described in international patent application 
PCT/AU96/00783. 

One difiBculty with fluid drilling heads of this type is controlling the direction of 
the head. In most applications it is highly desirable to achieve directional accuracy in 
the fonnation of a bore hole particularly in situations such as the draining of methane 
15 gas from coal seams preparatory to raining. In such situations, it is critical to achieve an 
even pattern of drainage bores, and to ensure that the bores are accurately placed to pass 
through proposed roadway locations in the mining operation. 

In the past it has been difficult to accurately control or steer a fluid drilling head of 
this type which is fed via a flexible hose, typically either from a surface drilled location 
20 via a tight radius drilling configuration, or from an underground location for cross-panel, 
mine development, and exploration drilling. 
Summarv of the Invention 

In one aspect, the present invention therefore provides a method of steering a fluid 
drilling head of the type provided with high pressure fluid through a flexible hose, 
25 including the steps of providing a biasing force to the drilling head and controlling the 
direction of the biasing force by rotating the drilling head. 

Preferably the step of rotating the drilling head is performed by rotating the 
flexible hose about its longitudinal axis. 

Preferably the flexible hose is rotated from a location remote from the drilling 

30 head. 

In one form of the invention, the fluid drilling head is deployed from ground level 
and said location remote from the drilling head is located at or above ground level. 



) 

wo 2004/035984 PCT/AU2003/001391 

-2- 

Preferably the hose is fed from a rotatable drum having a substantially horizontal 
axis of rotation, and the hose is rotated by rotating the drum and associated support gear 
about a vertical axis substantially aligned with a vertical bore through which the hose is 
fed into the ground. 
5 Alternatively the hose is rotated by a powered swivel. 

Alternatively the hose is rotated by a non-powered ratcheting swivel. 

Preferably, the biasing force is provided by an asynMnetrical gauging ring located 
on the fluid drilling head. 

Alternatively the biasing force is provided by partial shading of a cutting jet on the 

10 head. 

Alternatively the biasing force is provided by asymmetrical retro jet sizing on the 
cutting head. 

Alternatively the biasing force is provided by a partially deflected retro jet. 
Brief Description of the Drawings 
15 Notwithstanding any other forms that may fall within its scope, one preferred form 

of the invention will now be described by way of example only with reference to the 
accompanying drawings in which: 

Fig.l is a horizontal section through a proposed undergroimd mine roadway 
configuration showing the desired location of boreholes for mine gas drainage; 
20 Fig. 2 is a diagrammatic vertical section through, a typical tight radius drilling 

arrangement using a fluid drilling head fed by a flexible hose; 

Fig. 3 is a diagrammatic perspective view of a surface located rotatable hose feed 
rig according to the invention; 

Fig. 4 is a diagrammatic perspective view of a rig similar to that shown in Fig. 3 
25 when mounted on a truck or trailer; 

Fig. 5 is a diagrammatic view of a ratcheting swivel used to effect hose rotation in 
an alternative form of the invention; and 

Fig. 6 is a perspective view of the forward end of a fluid drilling head showing an 
asymmetrical gauging ring used to provide a biasing force to the drilling head. 
30 Detailed Description of the Preferred Embodiments 

The preferred form of the invention will be described with reference to a typical 
mine gas drainage situation where a vertical bore is drilled from ground surface and a 
whipstock used to provide radial bores extending outwardly from the vertical bore at 
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predetennined depths^ but it will be appreciated that the method according to the 
invention can be utilised in many other fluid drilling situations including horizontal 
cross-panel drilling from an underground location. 

Fig. 1 shows a typical mine gas dramage drilling operation where it is desired to 
S drain methane or other dangerous gasses from coal seams 1 in the location of intended 
roadways 2 to be cut as part of the mining operation. The mine gas drainage can be 
achieved safely and economically by drilling a number of vertical bores 3 fiiom the 
surface and using tight radius drilling techniques to drill radial bores such as those 
typically shown at 4 from the vertical bores 3. It will be noticed that the radial bores 
10 must be accurately controlled in direction so as to pass through each of the separate 
panels in the roadways 2. 

The tight radius drilling system can be more accurately seen in Fig. 2 where the 
vertical bore 3 is drilled from ground surface 5 and tubing 6 fed down the vertical bore 
: to support a whipstock 7 in a reamed cavity 8 in a desired location for drilling the radial 
15 bores in a coal seam 9, 

The fluid drilling head 10 is fed with high pressure liquid (typically water) through 
a flexible hose 1 1 which passes through the tubing 6 and is horizontally diverted by an 
erectable arm 1 2 in the whipstock 7. 

The flexible tube is fed fiom the sxirface where it is stored on a rotatable drum 20 
20 mounted on a surface rig 13 about a horizontal axis 14. 

The surface rig may also incorporate other items such as a further drum 1 S for a 
control bundle 16 and guide sheaves (not shown) arranged to direct the hose and control 
bundle into alignment into the vertical bore 3. 

The hose reel 20 is provided with high pressure water via a feed hose 18 from a 
25 high pressure pump 19. 

In order to provide steering control to the fluid drilling head 10, in order to control 
the vertical location of the head and keep it within the coal seam 9, and in order to direct 
the head in the required direction to achieve drilling patterns of the type shown m Fig. 1, 
tiie head is provided with a biasing force tending to bias or deviate the drilling head to 
30 follow a curved path. The biasing force is then orientated by rotating the drilling head 
by rotating the flexible hose 1 1 . This may be achieved in a number of different ways as 
will be described further below. 
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The biasing force may be provided in a number of different ways but it has been 
found preferable to provide the force by using an asynmietrical gauging ring located on 
the fluid drilling head. 

Our co-pending International patent application PCT/AU02/O155O describes a 
5 fluid drilling head having a gauging ring and it has been found a very simple 

modification to make the leading edge of the gauging ring asymmetrical as shown in 
Fig. 6. In this configuration, the gauging ring 20 which is concentrically mounted about 
the rotatable fluid jet head 21 is made asymmetrical either by having the leading edge 22 
of the ring more advanced on one side of the head than the other, or by otherwise 
10 shaping the leading edge of the gauging ring in other asymmetrical manners. In this 
way, the fluid issuing from a side facing reaming jet nozzle 23 may be partially impeded 
or deflected by the leading edge of the gauging ring at one point in the rotation of the 
head 21 so as to provide an uneven or biased lateral force tending to send the fluid 
drilling head on a curved trajectory. 

15 Alternative methods of providing a biasing force to the drilling head can be 

provided by offsetting the force from the retro jets used to propel the head forward as 
described in international patent specification PCT/AU96/00783 either by making one 
jet larger than the others or by partially deflectmg one of the retro jets at a more extreme 
angle to the axis of the drilling head than the other jets. 

20 Alternatively a fixed offset jet nozzle may be provided in the drilling head. 

The preferred method of rotating the flexible hose 1 1 and hence the fluid drilling 
head 10 to orientate the biasing force in the required direction is achieved by rotating the 
entire surface rig 13 about the vertical axis of the flexible tube 1 1 where the tube feeds 
downwardly into the vertical bore 3. This configuration is shown diagrammatically in 

25 Fig. 3 where the surface rig 13 is rotated in a horizontal plane about a turntable 24, 
typically supported on the turntable by rollers 25 and at the outer end of the rig by 
curcumferentially orientated wheels 26. In this manner, the entire surface rig is able to 
be rotated to effect rotation of the flexible hose 11. 

As shown in Fig. 4, it is possible to mount this entire rig on the bed 27 of a truck 

30 or trailer so that the rig can be rotated, once again about the vertical portion of the 
flexible hose 11, allowing the entire hose to be rotated as it is fed downwardly through 
the bed of the truck. 
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Any rotation of the rig 13 as a rotary table, translates into a corresponding rotation 
of the hose length around its longitudinal axis, and thereby can be used to position the 
drill bias at any desired roll value. The necessary services that need to be connected into 
the rotary table or hose drum system include high pressure water, electrical power and 
5 instrumentation data cables. A high pressure water swivel can be located above the 
reeve frame along the axis of rotation of the table. A crude but effective method for 
cormecting power and data cables is to wind these cables from a supply drum mounted 
on the semi-trailer base 27, directly onto a drum mounted onto the rotary table. 
Sufficient cable could be supplied to allow for e.g. 100 turns of the rotary table, 
10 considered unlikely to be achieved during the drilling of a controlled radial or lateral. At 
the completion of a lateral, the cables are wound back onto the supply drums, ready for 
the drilling of another lateral. 

This method of rotating the hose from the surface has the advantage that all system 
components are situated on the surface and out of the hole. This is an advantage in that 
15 the correct operation of the various components can be visually checked, and also 
facilitates maintenance and reliability issues. The system is able to achieve excellent 
control of the drilling bias orientation and is able to rotate the tool m both directions. 

In alternative methods of rotating the flexible hose 1 1 , various forms of powered 
or un-powered swivels may be used in the hose. 
20 For example, a mid-hose powered swivel may be inserted into the hose, typically 

located in the vertical well during drilling operations. The swivel can be activated from 
the surface to index the desired rotation amount (only in one direction and in increments 
of some number of degrees). Separate power lines (hydraulic or electrical) are 
connected to the swivel for its operation, and as such need to be fed down the well 
25 during drilling operations. A sketch of a typical swivel is shown at 28 in Fig. 5. 

In yet a further alternative way of rotating the hose, a non-powered ratcheting 
swivel can be mounted either directiy behind the drilling head 10 or at a join in the hose 
somewhere within the vertical bore 3. A simple yet crude means of steering, this 
technique relies on the high pressure hose undergoing some form of twisting as a result 
30 of either a change of pressure within the hose, or changes m hose tension. 

Changes in pressures and/or tension in the hose cause the hose to rotate relative to 
the hose drum 12. The rotation is absorbed by the ratcheting mechanism in the swivel, 
meaning that the ratcheting force must be less than the resistance to turn experienced by 
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the drilling tool or the tool and hose combination against the borehole and the whipstock 
hose path. When re-pressurised/re-tensioneid) the hose will rotate in the opposite 
direction. 

The ratchet on the swivel prevents the hose from twisting back to its original 
5 position relative to the drilling tool, and the drilling tool is forced to twist as a result. 

This technique relies on the ability to generate a controlled relative rotation of the 
hose swivel as water pressure or hose tension is varied. A complicating factor is the 
effect of hose pressure on hose length and hence tension. 

Although either the powered swivel or the non-powered ratcheting swivel could be 
10 mounted close to the drilling head, or even in the drilling head it is preferred that they 
are located closer to the feed dmm so that the flexible hose is rotated from a location 
remote from the drilling head. 

Although the invention has been described thus far for use where a vertical bore is 
drilled from the ground surface and a whipstock used to provide radial bores extending 
15 outwardly from the vertical bore, the invention has equal applicability to other fluid 
drilling situations such as horizontal cross-panel drilling from an underground location. 
This operation is used from an underground roadway to drill boreholes in adjacent seams 
to release dangerous gasses before the mining operation conunences, or to harvest 
valuable gasses such as methane from coal seams for power generation. 
20 The cross-panel drilling situation is similar to that described above except that the 

hose is fed from a drum mounted with its axis of rotation supported m a cradle which is 
in turn rotatable in a suitable support frame about an axis, typically substantially 
horizontal, aligned with the adjacent borehole into which the hose is fed. Although the 
term "horizontal" is used in this context, it vnll be appreciated that the borehole can be 
25 inclined but is typically closer to the horizontal than to the vertical. 

By providing a biasing force to the fluid drilling head 10 and then controlling the 
direction of that force by rotating the flexible hose 1 1, preferably by rotating the entire 
surface rig in the manner shown in Figures 3 and 4, accurate directional control of the 
drilling tool is achieved. Where it is desired to drive the tool in a "straight" line, the 
30 hose may be continuously rotated resulting in a shallow elongate spiral path for the 
drilling head, which approximates a straight line. 
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Where it is desired to turn in a specified direction, the drilling head is rotated so 
that the biasing force urges the drilling head in the required direction, and held in that 
orientation until the turn is complete. 



J 
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CLAIMS: 

1 . A method of steering a fluid drilling head of the type provided with high pressure 
fluid through a flexible hose, including the steps of providing a biasing force to the 
drilling head and controlling the direction of the biasing force by rotating the drilling 

5 head. 

2. A method as claimed in claim 1 , wherein the step of rotating the drilling head is 
performed by rotating the flexible hose about its longitudinal axis. 

3 . A method as claimed in claim 2, wherein the flexible hose is rotated from a 
location remote from the drilling head. 

10 4. A method as claimed in any one of the preceding claims wherein the hose is fed 
from a rotatable dmm into an adjacent borehole, the rotation axis of the drum being 
substantially at right angles to the axis of the borehole, and wherein the hose is rotated 
by rotating the drum and associated support gear about the axis of the borehole. 

5. A method as claimed in claim 4, wherein the hose is fed from a rotatable drum 
15 having a substantially horizontal axis of rotation, and the hose is rotated by rotating the 

drum and associated support gear about a vertical axis substantially aligned with a 
vertical bore through which the hose is fed into the ground. 

6. A method as claimed in claim 5, wherein the fluid drilling head is deployed from 
ground level and said location remote from the drilling head is located at or above 

20 ground level. 

7. A method as claimed in claim 4, wherein the fluid drilling head is deployed from 
an underground location wherein the adjacent borehole is closer to horizontal than to 
vertical. 

8. A method as claimed in any one of claims 1 to 3, wherein the drilling head is 
25 rotated by a powered swivel located in the flexible hose. 

9. A method as claimed in any one of claims 1 to 3, wherein the driUing head is 
rotated by a non-powered ratcheting swivel located in the flexible hose. 

10. A method as claimed in any one of the preceding claims, wherein the drilling head 
includes a plurality of cutting jets issuing from a rotatable head and wherein the biasing 

30 force is provided by partial shading of at least one cutting jet over a predetermined 
limited arc of its rotation. 

11. A method as claimed in claim 1 0, wherein the biasing force is provided by an 
asymmetrical gauging ring located on the fluid drilling head. 
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12. A method as claimed in any one of claims 1 to 9, wherein the biasing force is 
provided by an asymmetrical arrangement of retro jets provided to propel the cutting 
head forwardly. 

1 3. A method as claimed in any one of claims 1 to 9, wherein the biasing force is 
5 provided by a fixed offset jet nozzle in the drilling head. 



y/O 2004/03S984 



PCT/AU2003/001391 



1/4 




HQ. -1 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/035984 PCT/AU2003/001391 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/035984 



3/4- 



PCT/AU2003/001391 





SUBSTITUTE SHEET (RULE 26) 



wo 2004/035984 



4l4 



PCT/AU2003/001391 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/AU03/01391 



a; 



CLASSIFICATION OP SUBJECT MATTER 



Int.C!.''- E21B 7/18, 7/04 

According to f ntemational Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEAROIED 



Minimum documentation searched (classification system followed by classification symbols) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
WPAT : E21B 7/18, 7/04 and "steerf", "rotate", "bias+", "propeI+", "control+", "fluid" 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to 
claim No. 



P,X 
Y 



US 47 1 411 8 A (BAKER et al) 22 December 1987 
Whole document 



US 6109370 A (GRAY) 29 August 2000 
Figures 



WO 03/042491 Al (CRC FOR MINING TECHNOLOGY & EQUIPMENT) 
22 May 2003 

Whole document, particularly pagp 4, lines 12-26 



1-10, 12,13 



1-3,8-10. 12, 
13 



1-3. 10-13 
11 



Further documents are listed in the continuation of Box C 



See patent family annex 



^ Special categories of cited documents: 
**A" document defining the general state of the art 
which is not considered to be of particular 
relevance 

"E" earlier application or patent but published on or 
aAer the international filing date 

"L" document which msry throw doubts on priority 
claim(s) or which is cited to establish the 
publication date of another citation or other special 
reason (as specified) 

"O" document referring to an oral disclosure, use, 
exhibition or other means 

*'P** document published prior to the international filing 

date but later than the priority date claimed 



T* later document published after the international filing date or priority date , 

and not in conflict with the application but cited to understand the principle 

or theoiy underiying the invention 
"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
"Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is combined 

with one or more other such documents, such combination being obvious, to 

a person skilled in the art 
"&* document member of the same patent family 



Date df the actual completion of the international search 
28 November 2003 



Date of mailing of the international search report 



Name and mailing address of the ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200» WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@ipau5traIia.gov.au 
Facsimile No. (02)6285 3929 



Authorized officer 

GHOSH 
Telephone No : (02) 6283 2 1 63 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 


International application No* 
PGT/AU03/01391 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to 
claim No. 


X 


US 5322134 A (DAHN) 21 June 1994 
Whole document 




1-3, 10, 12, 13 


X 
Y 


WO 97/21900 Al (THE UNIVERSITY OF QUEENSLAND et al) 19 June 1997 
Whole document 

Page 9 lines 9-22 and page 14 line 35-page 15 line 7 


1-10, 12, 13 

11 ' 


A 


US 5492184 A (XENNE) 20 February 1996 







Form PCT/ISA/210 (continuation of Box C) (July 1998) 



INTERNATIONAL SEARCH REPORT 

Information on patent fiimily members 



This Annex lists the known "A" publication level patent family members relating to the patent documents cited in fbo 
above-mentioned international search report. The Australian Patent Office is in no way liable for tiiese particulars 
which are merely given for the purpose of information, . 



Patent Dociimcnt Cited in 
Searcli Report 






Patent Family Member 






US 4714118 


AU 


56281/90' 


AU 


73279/87 


DK 


262587 




EP 


0247799 


EP 


0318471 


EP- 


0319527 




JP 


63007495 










US 6109370 


AU 


35556/97 


CA 


2258236 


CN 


1228824 




EP 


0906487 


WO 


9749889 






WO 03042491 


US 5322134 


AU 


75758/91 


CA 


2064010 


DE 


4016965 




EP 


0484473 


HU 


- 60013 


NO 


920341 




WO 


9119074 










WO 9721900 


AU 


49038/01 


AU 


76869/96 


CA 


2239734 




CN 


1204378 


EP 


1234181 


GB 


2322889 




PL 


327309 


US. 


2001034037 


US 


2002011357 




US 


2003164253 


WO 


0148481 


ZA 


9610255 


US S492184 


DE 


4305423 


EP 


0612912 






END OF ANNEX 



Intemational application No. 
PCT/AU03/01391 



Form PCT/ISA/210 (citation Tamily annex) (July 1998} 



